Previous phylogenetic studies have indicated that Acacia Miller s.l. is polyphyletic and in need of reclassification. A proposal to conserve the name Acacia for the larger Australian contingent of the genus (formerly subgenus Phyllodineae) resulted in the retypification of the genus with the Australian A. penninervis. However, Acacia s.l. comprises at least four additional distinct clades or genera, some still requiring formal taxonomic transfer of species. These include Vachellia (formerly subgenus Acacia), Senegalia (formerly subgenus Aculeiferum), Acaciella (formerly subgenus Aculeiferum section Filicinae) and Mariosousa (formerly the A. coulteri group). In light of this fragmentation of Acacia s.l., there is a need to assess relationships of the non-Australian taxa. A molecular phylogenetic study of Acacia s.l and close relatives occurring in Africa was conducted using sequence data from matK/trnK, trnL-trnF and psbA-trnH with the aim of determining the placement of the African species in the new generic system. The results reinforce the inevitability of recognizing segregate genera for Acacia s.l. and new combinations for the African species in Senegalia and Vachellia are formalized.
INTRODUCTION
Numerous phylogenetic studies of Acacia Mill. s.l. over the last 10 years have shown that Acacia is not monophyletic and it is now widely agreed that Acacia s.l. needs to be divided into at least five genera corresponding to the former Acacia subgenus Phyllodineae (DC.) Ser., Acacia subgenus Acacia, Acacia subgenus Aculeiferum Vassal section Aculeiferum Vassal, Acacia subgenus Aculeiferum section Filicinae (Benth.) Taub. and a group of species from North and Central America related to A. coulteri Benth. (Luckow et al., 2003; Maslin, Miller & Seigler, 2003a; Maslin, Orchard & West, 2003b; Seigler & Ebinger, 2005; Bouchenak-Khelladi et al., 2010; Miller & Seigler, 2012) .
However, despite the clear resolution of five independent lineages in Acacia s.l., some taxa still remain unplaced in the molecular phylogenetic analyses. A good example is Senegalia visco (Lorenz ex Griseb.) Seigler & Ebinger which, although having been transferred to Senegalia Raf., does not show a close relationship to other members of the former Acacia subgenus Aculeiferum (Seigler, Ebinger & Miller, 2006) . Inclusion of such species could still result in the recognition of additional genera in the future.
Although the above-mentioned groups correspond to previously established infrageneric groups in Acacia, with generic names available for all, the Australian Acacia subgenus Phyllodineae (Acacia s.s.) comprises the largest number of species (c. 1021 species; Thiele et al., 2011) . In order to preserve nomenclatural stability according to the International Code of Botanical Nomenclature, Orchard & Maslin (2003 , 2005 proposed retypification of the genus from A. nilotica (L.) Willd. ex Del. ( = Acacia scorpioides (L.) W.Wight), a species widely distributed from Africa to India, to A. penninervis Sieb. ex DC., an Australian species. This proposal was adopted at the 2005 International Botanical Congress (IBC) in Vienna . However, the original proposal and its subsequent adoption sparked controversy, calling into question the basis of the proposal and the legitimacy of the procedures followed (because it was prior to the Committee's consideration) and the validity of the decision (Moore et al., 2010) . The 2011 IBC meeting in Melbourne finally ratified the previous decision, despite the long-standing controversy, paving the way for name changes as proposed by Orchard & Maslin (2005) Murphy et al., 2010; Thiele et al., 2011) .
Of the five newly recognized genera, Senegalia and Vachellia are found in Africa (including Madagascar) and are represented by c. 69 and 73 species, respectively (Lewis, 2005) . These are trees and shrubs, many with wide geographical ranges from South Africa north to the Mediterranean mainly restricted to dry savannas and semi-desert scrub habitats (Ross, 1979; Dharani, 2006) .
Macromorphological characters important in assigning African taxa of Senegalia and Vachellia to the appropriate genus include the presence and type of prickles and/or stipular spines Seigler et al., 2006) . Senegalia spp. can be unarmed or armed with prickles, but always lack stipular spines. When armed, the prickles are mainly scattered, sometimes grouped in twos or threes near the nodes (Ross, 1979) . Senegalia spp. possess bipinnate leaves with sessile or stipitate glands in variable positions on the petioles and leaf rachis. Furthermore, they have porate pollen without columellae, whereas Vachellia spp. have colporate pollen with columellae Maslin et al., 2003a; Thiele et al., 2011) . Unlike Vachellia, members of Senegalia do not have a true inflorescence involucre (Seigler et al., 2006) . Inflorescences in Senegalia are either capitate or spicate. Bouchenak-Khelladi et al. (2010) reported that the most recent common ancestor of Senegalia probably originated in the late Oligocene-early Miocene about most likely in American forests. They hypothesized that two separate dispersal events from the Americas to Africa occurred in the late Miocene, coupled with a shift from closed to open habitats, probably in Africa.
Vachellia spp. are armed with paired stipular spines at the nodes that can either be straight, deflexed or weakly falcate. In some species they are enlarged, forming ant domatia [e.g. Vachellia luederitzii Engl., V. collinsii (Saff.) Seigler & Ebinger, V. cochliacantha Humb. & Bonpl. and V. drepanolobium Sjöstedt; Ross, 1979 , Maslin et al., 2003a . The presence of spinescent stipules is the key diagnostic character distinguishing Vachellia from Senegalia. Nearly all of the species with spinescent stipules have capitate inflorescences (Ross, 1979) , with the majority having pale yellowish-white flowers. However, some have bright golden or orange-yellow or, rarely, pinkish or purple flowers (Ross, 1979) .
Morphological characters considered important in defining major groups of Acacia s.l. were reviewed by Maslin et al. (2003a) and Seigler et al. (2006) . Despite the major macro-and micromorphological differences between Senegalia and Vachellia (see Table 1 ), it remains difficult to demarcate monophyletic lineages within these genera based only on morphological traits (Ross, 1979; .
Following the results of the above-mentioned studies demonstrating the disintegration of Acacia s.l. into five segregate genera and the recent decision from the 2011 IBC meeting in Melbourne, there is a clear need to determine the generic placements of all the African species and to formalize new name combinations for these species. We expect that a wider sampling covering the African species would provide a plausible picture of the true relationships within the genera. This will facilitate the implementation of the new classification in Africa, particularly in herbaria, by providing names for the African taxa of Senegalia and Vachellia. In this study, we determined the position of the African Acacia spp. in the new generic classification using a comprehensive sampling covering the African species based on molecular data from three plastid regions, matK/trnK, trnL-trnF and psbA-trnH. (Maslin et al., 2003b) MATERIAL AND METHODS
DNA EXTRACTION, AMPLIFICATION AND SEQUENCING
Sequences of the following plastid loci were generated in this study: trnK/matK (42 taxa); trnL-trnF (57 taxa); and psbA-trnH (44 taxa) . These were combined with existing sequence data from GenBank to represent all major lineages in Mimosoideae, resulting in 36 African Vachellia spp. and 32 African Senegalia spp. Voucher information and GenBank numbers for sequences for all taxa used in this study are listed in the Appendix.
Laboratory protocols for DNA extraction, PCR amplification and sequencing of the three DNA regions in this study followed Bouchenak-Khelladi et al. (2010) .
SEQUENCE EDITING, ALIGNMENT AND PHYLOGENETIC ANALYSES
Complementary strands of the sequenced genes were assembled and edited using Sequencher v.4.8 (Gene Codes Corp., Ann Arbor, MI, USA), aligned using Multiple Sequence Comparison by Log-Expectation (MUSCLE v.3.8.31; Edgar, 2004) and the alignment adjusted manually in PAUP* (v.4.0b.10; Swofford, 2002) . We coded gaps (insertions/deletions) as missing characters, and we excluded sections of ambiguous alignment from the analysis (265 characters from the trnL-trnF, 107 from psbA-trnH and 167 from trnK/ matK).
Cladistic analyses for the individual (trnL-trnF, trnK/matK, psbA-trnH) and combined matrices were performed using maximum parsimony (MP) in PAUP* v.4.0b10 (Swofford, 2002) . Heuristic tree searches employed 1000 random sequence additions, keeping ten trees per replicate using tree bisectionreconnection (TBR) branch swapping with MulTrees in effect, with all character transformations treated as equally likely. Trees generated in the initial 1000 replicates were then used as starting trees for a second search with no tree limit to ascertain whether the shortest trees were obtained in the initial search. Delayed transformation (DELTRAN) character optimization was used to calculate branch lengths instead of accelerated transformation (ACCTRAN) because of its reported errors in PAUP v.4.0b10 (http:// paup.csit.fsu.edu/problems.html).
As all three plastid regions could not be amplified for all taxa included in the study, the effects of the missing data on patterns of relationships and support in the combined matrix were investigated by performing two different combined analyses: (1) a subset of the taxa for which all three loci were sequenced; and (2) all taxa including those for which some loci were missing sequences. Thus, the combined analyses were conducted with all taxa for which any sequence was available and included.
Internal support was estimated using bootstrap analyses (Felsenstein, 1985) implemented in PAUP* v.4.0b10 (Swofford, 2002) based on 1000 bootstrap replicates performed with equal weights using TBR branch swapping with ten trees held at each step and simple taxon addition. The following scale for bootstrap support percentages (BP) was used: 50-74%, low; 75-84%, moderate; 85-100%, strong.
The individual gene trees were assessed for congruence by visual inspection of the individual bootstrap consensus trees to look for any areas of strongly supported incongruence (Seelanan, Schnabel & Wendel, 1997) .
A hierarchical likelihood ratio test implemented in MODELTEST v.3.06 (Posada & Crandall, 1998 ) was used to determine the appropriate substitution model for each of the three plastid gene sequences based on the Akaike information criterion (AIC; Sugiura, 1978) . The optimal models identified were GTR + I + G for trnK/matK, TVM + I + G for trnLtrnF and TVM + G for psbA-trnH (Yang, 1994) with number of rate parameters = 6, rate = gamma, base frequency = empirical, clock = unconstrained and number of generations = 3 000 000. The combined matrix was analysed using Bayesian inference (BI) by partitioning the sequences according to DNA region to allow independent estimation of parameters for each partition. Site-specific rates of substitution were allowed to vary across partitions as implemented in MRBAYES v.3.1.2 (Huelsenbeck & Ronquist, 2001) . Two parallel Markov chain Monte Carlo (MCMC) runs were made for 3 000 000 generations, with trees sampled every 1000 generations, resulting in 3000 trees. The first 1500 trees were discarded as 'burn-in'. The following scale was used to evaluate the posterior probability values (PP): below 0.95, weakly supported; 0.95-1.0 strongly supported.
RESULTS
The individual plastid gene trees (not shown) were largely congruent (negligible to zero incongruence) and were concatenated for a combined analysis of all three loci. Of the 4718 included characters, 2982 were constant, 1736 (36.8%) were variable and 897 (19%) were potentially parsimony informative. The combined MP analysis resulted in 142 equally parsimonious trees (tree length: 3552 steps; CI = 0.61; RI = 0.83, see Table 2 ). The combined MP trees are largely congruent with the BI trees, and the BI majority rule consensus tree is presented (Fig. 1) and used as the basis for interpreting and discussing the results. The tree was generally well resolved and major clades received moderate to strong support (Fig. 1) (Clarke, Downie & Seigler, 2000; Bouchenak-Khelladi et al., 2010; Miller & Seigler, 2012) 
DISCUSSION
In the interest of clarity, all species discussed here are referred to by their Vachellia and Senegalia names, even although in some cases the combinations are only effected in this paper. In general, the results are in line with previous studies that demonstrated the non-monophyly of all five traditionally recognized tribes (Clarke et al., 2000; Luckow, White & Bruneau, 2000; Lavin, Herendeen & Wojciechowski, 2005; Catalano et al., 2008; Bouchenak-Khelladi et al., 2010; Miller & Seigler, 2012 
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Although the majority of Senegalia spp. form a single clade with moderate support, the placement of two American species, S. muricata and S. angustifolia outside the main Senegalia clade represents a novel finding. These two species lack prickles, which provide an important diagnostic character for the rest of Senegalia and are in line with their placement outside Senegalia. This novel clade is strongly supported as part of the Mariosousa + Acaciella + Ingeae + Acacia s.s. clade. These findings, although not affecting the African species of Acacia s.l., suggest placement of these two species in a genus separate from Senegalia, but increased taxon sampling is required to determine the extent of this new clade; for the time being, this clade remains unplaced in the generic system of Mimosoideae.
One other species currently placed in Senegalia, S. visco, is also placed outside the main Senegalia clade (Fig. 1B) , in line with previous findings (Seigler et al., 2006) , further confirming the non-monophyly of Senegalia as currently circumscribed. In this study, S. visco is robustly supported as sister to the Acaciella + Ingeae + Acacia s.s. clade, rather than the Mariosousa + Acaciella + Ingeae + Acacia s.s. clade as suggested by Seigler et al. (2006) .
Mariosousa comprises 13 species of unarmed erect shrubs and small trees (never lianas) with herbaceous stipules restricted to seasonally dry tropical and subtropical regions of Central America and Mexico. Flowers are arranged in cylindrical spikes. In Acaciella, most species are shrubs or small trees, except two taxa (Acaciella tequilana (S.Wats.) Britton & Rose var. tequilana and A. hartwegii (Benth.) Britton & Rose), which are perennial herbs. They are unarmed, have no nectaries on their leaves, and the inflorescence is typically capitulum-like, which often elongates into a short raceme (Rico & Bachman, 2006) .
Vachellia is monophyletic and sister to a larger clade comprising Mimoseae I, the rest of Acacia s.l and the Ingeae, in line with previous studies (Clarke et al., 2000; Bouchenak-Khelladi et al., 2010; Miller & Seigler, 2012 Seigler et al., 2006; BouchenakKhelladi et al., 2010; Miller & Seigler, 2012) . This clade is known to be problematic, but there is as yet not enough resolution or a large enough sampling to remedy this. There are certainly several nomenclatural complications looming given that Acacia s.s. (the type of Acacieae) is embedded in Ingeae with Acacieae being the older of the two tribal names. The segregate genera Acaciella, Mariosousa, Senegalia and Vachellia are essentially left tribally unplaced. The boundaries of Ingeae should also be investigated to ascertain which genera should be included therein. The relationships of the different genera in this clade are also not well resolved (Fig. 1A, B) . For example, in Ingeae, Albizia is not monophyletic as shown previously by Luckow et al. (2003) . In their study, they included six Albizia spp. (Albizia adinocephala (Donn.Sm.) Record, A. harveyi Fourn., A. kalkora Prain, A. sinaloensis Britton & Rose, A. tomentosa Standl. and A. versicolor Welw. ex Oliv.) . Of these, only three species (Albizia sinaloensis, A. adinocephala, and A. tomentosa) form a monophyletic lineage. In the present study, although priority was given to typically African species, the number of included species was almost doubled (to 13), with only two species included from previous studies by Luckow et al. (2003) and Bouchenak-Khelladi et al. (2010) . Bouchenak-Khelladi et al. (2010) suggested that this polyphyletic state could be interpreted as a rapid radiation of lineages of Ingeae. It can also, in part, be attributable to inadequate sampling and specimen misidentification. However, it is important to increase the sampling size to confirm the status of Albizia spp.
NOMENCLATURAL IMPLICATIONS: TAXONOMIC CHANGES
Results presented in this study and previously published studies confirm the recognition of at least five genera in Acacia s.l., and the placement of the African taxa in the two reinstated genera Senegalia and Vachellia. Although some other African botanists (Smith & Figueiredo, 2011) have suggested the continued recognition of Acacia in Africa, pending wider sampling and further analyses, there is now overwhelming evidence to support these two clades, and provision of new nomenclatural combinations in Senegalia and Vachellia in Africa, alongside those for the New World (Seigler et al., 2006) , is much needed by the scientific, conservation, forestry and other applied research communities. Typification of names did not fall within the scope of this study and mainly follows Ross (1979) and those cited in the protologues of taxa published subsequent to this publication. The names in the list below have all been reconciled with those in Ross (1979) , Lock (1989) and Roskov et al. (2005) and all accepted names appearing in these works have been accounted for. Synonymy (except for basionyms) is not given in this paper, but the information can be found in the above-mentioned references. The list also includes names of accepted taxa that have been published subsequent to those in Ross (1979) , Lock (1989) and Roskov et al. (2005) 
